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APPENDIX A. SUMMARY OF RESEARCH  PLANNING ACTIVITIES

This appendix provides a brief history of how the research plan for the EECBG National Evaluation was
developed and refined.

Additional information on selected key activities that are not addressed in other appendices is also provided
below.

A.l. ENERGY EFFICI ENCY AND BLOCK GRANT EVALUATION PLAN

EECBG was conceived as a one  -time grant offering to state and local governments and tribal organizations

to make energy efficiency improvements. Its funding source was stimulus money made possible through

the 2009 Amer ican Reinvestment and Recovery (ARRA). As such, there was no prior program for which an

evaluation had been conducted. A new evaluation plan therefore had to be developed specific to the one -
time EECBG grant program.

In September 2010, the U.S. Departme nt of Energy (DOE) approached ORNL to conduct an evaluation of the
formula grants in the EECBG program. ! DOE developed a white paper, providing a broad outline of the

EECBG evaluation. Martin Schweitzer (ORNL) and Nick Hall (TecMarket Works) then prepared a draft scope
of work (SOW) for the study based on the framework provided in the DOE white paper.

The draft SOW was sent a Peer Review Panel of evaluation experts. In January of 2011, ORNL met with the
Peer Review Panel members to solicit their comment s on the draft SOW. The peer review panel then
delivered a comments document to ORNL and ORNL, in turn, provided a formal response to each comment
from the Panel. In April 2011, ORNL finalized the SOW, incorporating suggestions from the Panel.

Keyevent s from the studyds inception through finalization
Table 1.

Table 1: Timeline of significant EECBG evaluation design and planning events

Event Date

DOE approaches ORNL to do EECBG evaluation September 2010
DOE develops white paper providing broad outline of EECBG evaluation November 2010
Draft Scope of Work Prepared by ORNL and TecMarket Works December 2010
Peer Review Panel Meets to Review Draft Scope of Work (SOW) January 2011
Comments on draft SOW received from Peer Review Panel February 2011
Detailed Scope of Work Finalized April 2011
Evaluation Contractor Team Selected through Competitive Solicitation Process August 2011*
Evaluation Team Prepares Draft Detailed Work Plan December 2011
Detailed Work Plan Finalized by Evaluation Contractor Team February 2012
Information Collection Request Submitted to OMB September 2012
OMB Approves Information Collection Request April 2013
Sample of Activities Finalized Following Evaluability Assessment September 2013

*Date contract received. Project launched September 8, 2011.

1 Formula grants are grants where recipients are selected based on a specific formula, rather than a competitive application fo ragrant.
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A.2. OMB REVIEW AND APPRO VAL OF INFORMATION C OLLECTION REQUEST

In compliance with the terms of the Paperwork Reduction Act, the contactor team prepared an Information
Collection Request (ICR) package containing all survey instruments to be used to collect identical data from

10 or more respondents, along with a detail ed set of supporting materials describing the proposed study.
That package was submitted to OMB September 2012 and final approval was received April 2013. Key

events in the ICR submission and review process are summarized in Table 2.

Table 2: Timeline of key events in OMB approval process

Event Date

ICR Submitted to DOE June 2012

DOE comments received by ORNL August 2012

ICR Submitted to OMB September 2012

ORNL and DOE conduct conference call with OMB to discuss ICR status January 2013

OMB Provides Evaluation Team with Feedback on Survey Instruments January - February
2013

Evaluation Team Sends OMB Responses to its Comments and Suggestions February 2013

Evaluation Team Sends Revised ICR Package to OMB March 2013

OMB Approves Information Collection Request April 2013
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APPENDIX B. FINAL DATA COLLECTIO N DISPOSITION

The telephone survey was administered during the period of November 2013 through March 2014. The web
survey was available to telephone respondents from November 2013 through May 2014. Three hundred
twenty -one EECBG Activity managers completed the telephone survey. Of the 321 telephone resp ondents,
262 completed the web portion of the survey. The telephone and web survey data were processed, and a

final respondent database was created. The contractor team then reviewed the survey database together

with the activity data provided by DOE, vi a PAGE and the Program Officers, to determine the feasibility of
calculating energy savings for each of the 262 Activities. Of the 262 Activities, 169 were deemed to be

evaluable. The 169 Activities account for 41% of the EECBG Activity dollars allocated to the 262 activities
for which the web survey was completed. Table 3 and Table 4show the disposition of web survey
respondents.

Table 3: Number of Activities for Telephone and Web Survey Respondents

Category Total Percent
Completed telephone interviews 321

Completed web surveys 262 100%
Evaluable activities 169 65%
Insufficient information to evaluate 93 35%

Table 4 shows the disposition of the final respondent sample by BPA.

Table 4: Summary of Sample Frame, Selected and Final Evaluated Sample by BPA

Evaluated
Population Selected Sample CATI Respondent (Final
Broad Program Respondents and
Area (BPA) Final Weight)
. Activi - . 1 Activi - . ;. Activi - . 1 Activi -
Funding ties Funding ties Funding ties Funding ties
Energy
Efficiency $1,042,878 2,187 $1,042,878 277  $1,070,071 167 $1,070,071 86
Retrofits
Financial
Incentive $491,138 320 $491,138 83 $500,830 50 $500,830 14
Program
Buildings and
Facilities $252,939 667 $252,939 70 $210,853 29 $210,853 18
Lighting $185,066 572 $185,066 58 $193,286 36 $193,286 27
On -site
Renewable $161,825 400 $161,825 52 $157,801 27 $157,801 19
Technology
Energy
Efficiency and
Conservation $64,694 560 $64,694 22 $65,728 8 $65,728 5
Strategy
(Direct Grants)
Total $2,198,540 4,706  $2,198,540 562  $2,198,569 317  $2,198,569 169

All funding datain  thousands .
*Funding estimated from weighted data.
Funding may not sum to the totals displayed in this table due to rounding.
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APPENDIX C. DETAILE D SAMPLING AND WEIGH TING
METHODOLOGY

C.1. OVERVIEW

The overall objective of this evaluation of the Energy Efficiency and Conservation Block Grant (EECBG)

Program is to provide national estimates of key outcomes covering the entire program period, from
2009 through 2011. The key outcomes of this evaluation include estimates for

1 Reduction in energy use and production of energy from renewable sources,

1  Generation of jobs through the funded activities,

1 Reduction in carbon emissions associated with energy production and use,

1 Reduction in energy costs and pro gram cost -effectiveness, and

1 Performance factors  affecting the magnitude of the EECBG outcomes.
More than $2.7 billion was distributed by the EECBG Program through formula g rants to about 2,350
cities, counties, states, territories, and Indian tribes acros s a range of 14 categories or Broad
Program Areas (BPASs) . The grants funded over 7,400 individual programs, projects, or activities
(referred to herein as activities ). Grants could be used for a range of initiatives , including energy

efficiency building retrofits, financial incentives, building code support, renewable energy installations,
distributed energy technologies, transportation activities, recycling and waste management efforts,
and other activities approved by the U.S. Department of Energy (DOE).

Table 5 lists the distribution of grant activities across the full range of categories or BPAs for which

EECBG funding was provided . The table shows the  amount of funding, the number of activities , and
the average funding per activity  for each Broad Program Area studied . It also shows the percent of
total program funding and activities occurring in each BPA. The total amount of funding associated

with each BPA varied con  siderably from $18 million for codes and i nspections to more than $1 billion
doll ars for energy efficiency r  etrofits. And the average funding per activity varied considerably from

$128 thousand for activities in technical consultant s ervices to $1.4 million dollars for activiti es in the
financial incentive p  rogram BPA.  This illustrates the wide breadth, depth and high variability among

activities that received funding from the EECBG program.
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Table 5: Distribution of Funding (in thousands) and Activities across 14 EECBG BPAs
Broad Program Area (BPA) Funding ! Percent Activities Percent Funding *
per
Activity
Energy Efficiency Retrofits $1,077,760 39% 2,525 34% $427
Financial Incentive Program $497,494 18% 361 5% $1,378
Buildings and Facilities $270,503 10% 784 10% $345
Lighting $197,059 7% 637 9% $309
On-site Renewable Technology $165,974 6% 456 6% $364
Energy Efficiency and Conservation $129,413 5% 759 10% $171
Strategy
Transportation $118,013 4% 533 7% $221
Other $77,236 3% 79 1% $978
Technical Consultant Services $66,363 2% 518 7% $128
Residential and Commercial Buildings $63,712 2% 443 6% $144
and Audits
Material Conservation Program $33,130 1% 164 2% $202
Energy Distribution $30,245 1% 68 1% $445
Reduction/Capture of $30,122 1% 42 1% $717
Methane/Greenhouse Gases
Codes and Inspections $18,180 1% 110 1% $165
Total $2,775,204 100% 7,479 100%
*Funding in thousands .
Funding may not sum to the total displayed in this table due to rounding.
The selection of activities for this evaluation of the EECBG program proceeded in a manner that
ensured statistically defensi  ble results within the confines of a finite evaluation budget as follows:
i In order to obtain reliable results for the largest portion of the EECBG program possible given

the available evaluation budget , the target population of this evaluation was limited to

activities within those BPAs that , in combination,  account for approxim ately (but no less than)
80% of total EECBG funding. A discussion of the target population is presented in Section
c.2.

1 After the target population was defined, an appropriate sample frame was constructed. In
general, a sample frame is a data file or lis t that has one record for every member of the
target population. For this evaluation, t he sample frame contained one record for each EECBG
activity in the target population. The frame contained numerous auxiliary variables that would
be used in subsequen t steps of the sample selection process. A discussion of the sample
frame is presented in ~ Section C.3.

1  The sample frame provided the list from which a random selection of activities was drawn
from for this evaluation. Some activities were selected for th e evaluation with certainty,
meaning they were  purposely selected for this evaluation. H owever most activities were
randomly selected with a known selection probability. Selecting activities randomly is
important because it enable  d the analysis team  to c reate unbiased estimates for the target
population as well as  estimate the precision of the resulting estimates. The sample selection
process is summarized in Section C.4.

1 Atelephone interview was attempted with an appropriate point -of-contact for each activity
selected for the evaluation. At the conclusion of the telephone interview, the point -of -contact
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was asked to submit various pieces of information (files, results, e tc.) and to complete a more
detailed on -line survey to provide detailed information on the project(s) completed with the
EECBG funding. These data would then enable the estimat ion of gross and net 2 impacts of

the program by sector, fuel type and source. Sampled a ctivities with  a point -of-contact who
completed the telephone interview and were able to provide the additional information needed
for the evaluation comprised the final set of activity -level respondents. Results from the data

collection process are summarizedi n Appendix B and Section C.5.

1 Responding activities were assigned a sample wei ght, or expansion factor, that wa s used
during the final analysis and estimation process to form appropriate estimates for the entire
target population from the respondent data . A summary of the methodology used to create
the sample weights is discussed in Section C.6.

The sample weights associated with the responding activities, along with the final results from the

activity -level evaluation, were used to estima te descriptive statistics for the entire target population.
Many of these descriptive statistics (and estimates of their precision) are repo rted directly in this
report . This includes estimates of energy impact s, bill savings and cost  -effectiveness. The se

descriptive statistics were also used as input to various other evaluations presented in this report,
including the carbon impact and labor analyses.

A summary of the sample selection and data collection process is summarized in Figure 1.

2 Net impacts refers to EECBG attributable impacts.
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Figure 1: Summary of the EECBG Sample Selection and Data Collection Processes
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C.2. TARGET P OPULATION

In an evaluation such as this, the target population is defined as that set of activities that the
evaluation is design ed to draw conclusions a bout. In other words, the target population is the
inferential population of interest.

As noted in Section C.1, in order to obtain results from this evaluation in a cost - effective manner, it
was initially decided to restrict the target population of this evaluation so that it covered
approximately (but no less than) 80% of the total amount of EECBG funding awarded . This was

achieved by restricting the initial set of EECBG activities as follows:

9  This evaluation was done on the activities associated with the six most heavily funded
BPAs. These six BPAs are the first six presented in Table 5.

1  Only those activities in the largest BPAs that received more than $10,000 in funding would
be considered for this evaluation.

1 Activities that had not started and had not spen t any funding dollars at the time the
sample was being drawn were excluded from the evaluation.

Activities that received funding from the EECBG program can be partitioned into the 14 Broad Program
Areas (BPAs) as noted in Table 5. These same activities can also be partitioned into two activity  (or
grant ) types : direct and indirect . Direct grants are those that were awarded directly to a

recipient. | ndirect grants were awarded to state/territorial agencies and were to be sub -granted to
other recipients. The distinction is important because different data collection approaches were

needed for the two types of grants and it was expected that energy eff iciency estimates might be
considerably different between the two types, depending on the BPA under consideration. Because of

its importance, activity type was considered an important stratification variable in the sample selection
process and the sample  was therefore designed and selected to ensure an appropriate representation
of both direct and indirect grants in the BPAs that comprise the target population for this study. The
stratification used in the sample selection process is discussed in Section C.4.

One of the six largest ~ BPAs (in terms of funding) was energy efficiency and conservation s trategy. For
a variety of reasons, this evaluation concluded with no completed responses associated with selected

indirect grants  in this BPA . Consequently, th e indirect grant portion of this BPA was removed from the

target population.

Table 6 presents a summary of the final target population for this evalua tion. The target population
covers 79% of the funding of the original EECBG population which is just under t he initial target of
80%. Andt he target population covers 63% of the total activities. Note that the fundin g coverage °

within the six BPAs is  not 100% because those activities that received less than $10,000 in funding
and those that did not start at the time the sample was being drawn were omitted from the target
population.

3Funding coverage refers to total funding associated with activities in the target population divided by the total funding ass ociated with
activities in the original EECBG universe file, within some group (such as BPA.)
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Table 6: Summary of EECBG Evaluation Target P opulation
Target Population
EECBG Universe Funding o
X Activities
Broad Program Area (BPA) (in thousands)
Fundin Percent Percent
(in thousangs) Activities Total of BPA Total of BPA

Covered Covered
Energy Efficiency Retrofits $1,077,760 2,525 $1,042,878 97% 2,187 87%
Financial Incentive Program $497,494 361 $491,138 99% 320 89%
Buildings and Facilities $270,503 784 $252,939 94% 667 85%
Lighting $197,059 637 $185,066 94% 572 90%
On-site Rene w able $165,974 456 $161,825 98% 400 88%
Technology
Energy Efficiency and
Conservation Strategy $72,057 735 $64,694 90% 560 76%
(Direct Grants)
Total BPAs Evaluated $2,280,847 5,498 $2,198,540 96% 4,706 86%
Total EECBG Universe $2,775,204 7,479 $2,198,540 79% * 4,706 63% !
1Coverage compared to the EECBG universe file that contains 7,479 activities and $2,775,204k in EECBG funding .
Fundin g may not sum to the totals displayed in this table due to rounding.

C.3. SAMPLE FRAME

Given the target population defined in the previous section, the next step in the sample selection

process was to develop an appropriate sample frame of activities. In this evaluation, the sample
frame was simply a data file where each record i n the file represents an activity in the target
population. The sample frame file contained various address and contact information as well as

appropriate stratification variables. Stratification is used in the sample selection process and is

desirable because ita llowed us to control the sample size for various subgroups while simultaneously
providing both precision and data collection efficiency by combining similar activities into appropriate
groups, or  strata

The process of constructing a sample frame began by constructing a universe file that accounted for
all funding distributed as part of the EECBG program. The construction of the universe file began

with the PAGE 4 management and information system. An extraction of EECBG activity -level data was

taken from the PAGE system on March 30, 2012. The PAGE data provided a wealth of information
needed for the construction of the sample frame, including the proposed and spent funding for each

activity, the activitybés BPA <c | as s i dcéssmetri¢ astivity,stateland h e

grant number . After the universe file was constructed, those activities not in the target population
were removed and the resulting file was the sample frame for this study. Consequently the sample
frame and target popula  tion were equivalent.

In the EECBG program,  process metrics are individual sets of  program outcomes that allowed DOE

to monitor progress on an activityodos scope of work.

fiprimary O process metric per project ac tivity on a quarterly basis. In general, the recipient chose
metrics ba sed on which set most accurately describes their project activity, regardless of the BPA

4Performance and Accountability for Grants in Energy reporting database that is the primary source of descriptions of activities performed by
EECBG grant recipients.
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category the activity fell under. So in some instances, the primary process metric was differe nt than
the BPA assignment for an activity.

The primary process metrics were classified into one of the following categories noted in Table 7.
Several categories closely match the 14 BPAs categories noted in Table 5,forexampl efibui | di ng codes
and standardso is a process metric and ficodes and inspection

Table 7: Primary Process Metrics

Primary Process Metric

Building Codes and Standards

Building Energy Audits

Building Retrofits

Clean Energy Policy

Energy Efficiency Rating and Labeling
Financial Incentives and Rebates
Government, School, Institutional Procurement
Industrial Process Efficiency

Loans and Grants

Renewable Energy Market Development
Technical Assistance

Transportation

Workshops, Training, and Education
Other

The primary process metric was retained on the sample frame and used in the sample selection
process. This is discussed in the next section.

During the universe file construction process, DOE pro  vided information that enabled each activity to

be classified as a fAdir ectSectiomr C.8 fonadditional discdssiom onahe tirect Se e
and indirect grants. The grant type (direct or indirect) was also retained on the sample frame for each

activity.

Table 8 summarizes the sample frame by direct/indirect grant type and BPA. Notice the majority of
grants are of the direct type. Direct grants account for 71% of the total funding on the frame and

97% of the activities. Also note that for direct grants, the largest BPA was energy efficiency retrofits,
accou nting for 38% of the total frame funding and 46% of the activities . Incontrast, for indirect
grants the largest BPA was financial incentive programs, accounting for 17% of the total frame

funding and 1% of the activities
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Table 8: Summary of Sample Frame by Grant Type and BPA

Funding o
. Activities
Broad Program Area (BPA) (in thousands)
Total Percent Total Percent
Direct Grants
Energy Efficiency Retrofits $844,841 38% 2,144 46%
Financial Incentive Program $125,995 6% 268 6%
Buildings and Facilities $197,684 9% 639 14%
Lighting $174,801 8% 565 12%
On-site Renewable Technology $151,255 7% 390 8%
Energy Efficiency and Conservation $64,694 3% 560 12%
Strategy (Direct Grants)
Total $1,559,270 71% 4,566 97%
Indirect Grants
Energy Efficiency Retrofits $198,037 9% 43 1%
Financial Incentive Program $365,144 17% 52 1%
Buildings and Facilities $55,255 3% 28 1%
Lighting $10,265 0% 7 0%
On-site Renewable Technology $10,570 0% 10 0%
Energy Efficiency and Conservation $0 0% 0 0%
Strategy (Direct Grants)
Total $639,271 29% 140 3%
All Grants
Energy Efficiency Retrofits $1,042,878 47% 2,187 46%
Financial Incentive Program $491,138 22% 320 7%
Buildings and Facilities $252,939 12% 667 14%
Lighting $185,066 8% 572 12%
On-site Renewable Technology $161,825 7% 400 8%
Energy Efficiency and Conservation $64,694 3% 560 12%
Strategy (Direct Grants)
Total $2,198,540 100% 4,706 100%
Fundin g may not sum to the totals displayed in this table due to rounding.
C.4. SELECTING THE SAMPLE OF ACTIVITIES
For this study, 562 activities were selected for the evaluation : 452 direct grants and 110 indirect
grants. Initially , the sample was designed to achieve 350 evaluated activities distributed across the
six BPAs of intere st roughly proportional to funding. This target was modified and the original sample
selected for this evaluation was supplemented during data collection to account for higher than
anticipated nonresponse in some BPAs a nd to a lesser extent, because of schedule and funding

constraints. The 562 activities selected in the sample reflect the changes made during data collection
and represent the final selected sample size.
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Table 9 presents a summary of the selected sample by grant type (direct or indirect) and BPA. T
extent possible, t  he distribution of the selected sample
funding across grant type and BPA. For example,

retrofits (direct grants) , which account for

was chosen to represent
42 % of the selected sample was

38 % of the total funding in the six BPAs.

o the

the distribution of
energy efficiency

Table 9: Summary of Selecte d Sample
Fundin

Broad Program Area (BPA) A('::tir\i?; (in thousangs) Selected Sample

Total Percent Total Percent Certainty NonCertainty
Direct Grants
Energy Efficiency Retrofits 2,144 $844,841 38% 237 42% 24 213
Financial Incentive ~ Program 268 $125,995 6% 35 6% 5 30
Buildings and Facilities 639 $197,684 9% 56 10% 9 47
Lighting 565 $174,801 8% 54 10% 3 51
On-site Renewable Technology 390 $151,255 7% 48 9% 2 46
Energy Efficiency and
Conservation Strategy (Direct 560 $64,694 3% 22 4% 0 22
Grants)
Total 4,566 $1,559,270 71% 452 80% 43 409
Indirect Grants
Energy Efficiency Retrofits 43 $198,037 9% 40 7% 36 4
Financial Incentive Program 52 $365,144 17% 48 9% 43 5
Buildings and Facilities 28 $55,255 3% 14 2% 9 5
Lighting 7 $10,265 0% 1% 1 3
On-site Renewable Technology 10 $10,570 0% 1% 2 2
Energy Efficiency and
Conservation Strategy (Direct 0 $0 0% 0 0% 0 0
Grants)
Total 140 $639,271 29% 110 20% 91 19
All Grants
Energy Efficiency Retrofits 2,187  $1,042,878 47% 277 49% 60 217
Financial Incentive Program 320 $491,138 22% 83 15% 48 35
Buildings and Facilities 667 $252,939 12% 70 12% 18 52
Lighting 572 $185,066 8% 58 10% 54
On-site Renewable Technology 400 $161,825 7% 52 9% 48
Energy Efficiency and
Conservation Strategy (Direct 560 $64,694 3% 22 4% 0 22
Grants)
Total 4,706  $2,198,540 100% 562 100% 134 428
Fundin g may not sum to the totals displayed in this table due to rounding.
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The sample of activities  for this evaluation  was selected from the frame with probability proportionate
to funding using a stratified, systematic sampling approach attributed to Chromy ( 1979) 5. Chr omy 6 s
procedure for selecting units from a frame is commonly used in studies because:

1. It is aefpwiatckement 6 sample selection approach that
number of times any unit will be selected into the sample,

2. It is a fApr-topsoirzteioo nsaetleecti on approach thatdés benefi
increase the precision of final estimates for outcomes that are correlated with the size
measure used,

3. It is a systematic selection approach allowing one to sort the frame prior to sample
selection using variables that are highly correlated with outcome measures of interest
or are reporting domains of interest, and

4. The precision of estimates can be estimated from the final sample.
Chromyo6s procedure was used to select activities for this
by BPA and grant type. Sample selection was done independently between these strata so BPA and
grant type are considered the explicit stratification variables in the design.  For sample selection
purposes, within each  explicit stratum the frame was ordered by primary process  metric and funding
priortot he systematic selection . S o, primary process metric can be viewed as an implicit
stratification variable in the sample selection process. Primary process metric was discussed in
Section C.3.

Since activities were selected with probability proportionate to their funding, those activities that

received a larger amount of funding were given a proportionally higher chance of being selected into

the sample. Within each explicit stratum on the sample frame , some activities rece ived a
comparatively large portion of funding. Those activities with the largest amount of funding were

selected with certainty. In this context,  selecting a sample with certainty means the activity was
purposively chosen for the evaluation outside the r andom selection process, so its probability of being

in the sample is 1.00. Selecting the activities with the largest am ount of funding with certainty is
beneficial because it increase s the precision of the final estimates by including a larger proportion of
the frame funding in the sample. It should also be noted that, because of their size, it is likely that

they would have been selected anyway. The random, systematic sampling process was conducted to
select the noncertainty sample of activities.

Table 9 also shows a summary of the certainty and noncertainty selected samples. 134 of the 562
selected activities were chosen with certainty. And most of these (91) were indirect grants.

C.5. DATA COLLECTION RESULTS

The sampled activities were contacted by telephone via a CATI interview. Data were gathered on
what their EECBG funding was spent on and this was used to verify eligibility for this evaluation. An
activity would be considered ineligible if, for example, they spent their funding on programs that are

5 Chromy, J. R. (1979).Sequential sample selection methods. In Proceedings of the 1979 American
Statistical Association, Surve  y Research Methods Section  pp. 401 -406.
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more appropriately classified in a BPA that was not within the scope of this evaluation. The 562
activities reflect the final, eligible selected sample for this evaluation

Most of the activities that comple ted the CATI interview were asked to answer additional questions

and submit data files and various pieces of additional information via a web -based instrument. This
post - CATI, web -based data collection effort was generically referred to as the evaluation  stage of
data collection in this evaluation because information obtained was used to measure the energy

impact of the activities. Activities that completed the CATI interview and completed the evaluation

stage represent the final set of evaluated responde nts in this study.

Table 10 summarizes the selected sample, CATI respondents and evaluated respondents. The CATI

portion of the data collection effort completed with a response rate of 56.4% , i.e. 56.4% of the 562
activities completed the CATI interview . The evaluation completed with a respo nse rate of 53.3% , i.e.
53.3% of those responded to the CATI interview (317 activities) also completed the evaluation phase

And the final response rate, defined as the product of these two, was 30.1%. The final response rate

for direct grants was 32.3%, which was higher than what was obtained for indirect grants (20.9%.)

And the final response rate across the BPAs ranges from 41.4% for lighting to 16.9% for energy

efficiency retrofits.

Reasons for nonresponse at both the CATI and evaluation phase of d ata collection varied. This is
discussed in Appendix B.
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Table 10 : Data Collection Results

Broad Program Area (BPA) Frame Selected CATI CATI Evaluation Evaluation Final

Activities Sample Respondents Response Respondents Rate Response
Rate Rate

Direct Grants

Energy Efficiency Retrofits 2,144 237 139 58.6% 74 53.2% 31.2%

Financial Incentive Program 268 35 15 42.9% 7 46.7% 20.0%

Buildings and Facilities 639 56 33 58.9% 20 60.6% 35.7%

Lighting 565 54 30 55.6% 22 73.3% 40.7%

On-site Renewable Technology 390 48 25 52.1% 18 72.0% 37.5%

Energy Efficiency and 560 22 8 36.4% 5 62.5% 22.7%

Conservation Strategy (Direct

Grants)

Total 4,566 452 250 55.3% 146 58.4% 32.3%

Indirect Grants

Energy Efficiency Retrofits 43 40 21 52.5% 8 38.1% 20.0%

Financial Incentive Program 52 48 34 70.8% 7 20.6% 14.6%

Buildings and Facilities 28 14 7 50.0% 5 71.4% 35.7%

Lighting 7 4 3 75.0% 2 66.7% 50.0%

On-site Renewable Technology 10 4 2 50.0% 1 50.0% 25.0%

Energy Efficiency and 0 0 0 n/a 0 n/a n/a

Conservation Strategy (Direct

Grants)

Total 140 110 67 60.9% 23 34.3% 20.9%

All Grants

Energy Efficiency Retrofits 2,187 277 160 57.8% 82 51.3% 29.6%

Financial Incentive Program 320 83 49 59.0% 14 28.6% 16.9%

Buildings and  Facilities 667 70 40 57.1% 25 62.5% 35.7%

Lighting 572 58 33 56.9% 24 72.7% 41.4%

On-site Renewable Technology 400 52 27 51.9% 19 70.4% 36.5%

Energy Efficiency and 560 22 8 36.4% 5 62.5% 22.7%

Conservation Strategy (Direct

Grants)

Total 4,706 562 317 56.4% 169 53.3% 30.1%

C.6. SAMPLE W EIGHTING

A nonresponse adjusted and calibrated sample weight was created for each of the 169 final, evaluated

activities.  This sample weight was used to expand the activity -level data back to the BPA target

population during the final estimation phase of this evaluati on. The estimation methodology used in

this evaluation is discussed in more detalil in Appendix H.

The activity -level weights that allowed the activity -level re sultsto expand back to the BPA  target

population consisted of several components. These included the inverse of the probability of selecting

the activity, adjustments to account for nonresponse at the CATI and evaluation phases of data

collection , and several com ponents that were applied to calibrate the weighted funding estimates to

the best estimate of total target population funding for each BPA that was available at that stage in

the weighting process . The best estimates of tota | target population funding were either the initial
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frame funding or were derived using data collected during the CATI phase of data collection process .
The five weighting factors that comprised the fi nal expansion weight for each activity are as follows:

1. The inverse of the unconditio nal probability of selectin g the activity into the sample. Activities
selected with certainty received an i nitial weight of 1.00. Other activities received a weight
equal to the inverse of their probabil ity of being selected . The sample selection process was
discussed in Section C.4.

2. A calibration adjustment was applied to the initial sampling weights that forced the weighted
sum of funding  estimated from the selected activities to equal the target population total for
each BPA and grant type (direct an d indirect grants) . At this point in the weight adjustment
process, the best estimat e of total funding for each BPA and grant type was the data
represented inthe sample frame from the PAGE system .

3. The sample of activities ~ was sentto CATI data collecti on. Nonresponse was encountered at
this phase of the process, and a suitable adjustment to the sample weights was applied to
correct for this.

4. During the CATI data collection, data were collected on the BPA classification and EECBG
funding received for  each activity that responded to the CATI survey. These data were used
to reclassify and correct the funding on a small number of CATI responding activities. At this
stage in the sample weight development process an adjust ment to the sample weights wa s
not being made. This was considered a separate fAadj ust me
to delineate the notion that some activities have moved to different BPAs and revised
estimates of total funding by BPA and type are available.

5. The last adjustment  to the sample weight was a nonresponse adjustment. 317 activities
responded to the CATI interview and are the set of activities with a nonzero weight after
applying adjustment #3 and #4. 169 activities responded to the evaluation phase of data
collection . This adjustment accounts for the 317 -169 = 148 nonrespondents.

At the conclusion of this weighting process, a nonzero sample weight was available for each of the 169
final responding activities in this evaluation.

Table 11 shows the estimated funding and number of activities at various points in the weighting
process. A few things to note:

1 Funding estimates using the selected sample (column B in Table 11) equal the frame total
(column Aiin  Table 11) by BPA and grant type due to the calibration adjustment #2 that was
applied to each weight.

1 Funding estimates using the new BPA and new funding data collected during CATI (column D
in Table 11) are fairly close to the frame and selected sample estimates (column B in Table
11) indicating the  frame data were fairly accurate. The largest differences occurred with the
financial incentive p  rogram (direct grants) and building and facilities (direct grant) where
absolute differences in the original frame estimate of funding and the CATI revised es timate of
funding was just over $40 million.

1 Weighted funding estimates for the final evaluated sample (column E in Table 11) equal the
weighted CAT |data (columnDin  Table 11) using the new BPA and new funding data, by
design. This column reflects the final estimates generated from this evaluat ion.
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Table 11:

Evolution of Sample during Weighting Process

C. CATI Respondents D. CATI Respondents E. Evaluated
A. Frame B. Selected Sample (Using Frame BPA and (Using New BPA and (Final Respondents and
Funding Data) Funding Data) Final Weight)
gg‘i\? Program Area Funding Funding Funding Funding
Fundin Activities Estimated Activities Estimated Activities Estimated Activities Estimated Activities
9 Using Weight Using Weight Using Weight Using Weight
Factors1 -2 Factors1 -3 Factors1 -4 Factors1 -5
Direct Grants
Egﬁggﬁ'c'e"cy $844,841 2,144 $844,841 237 $844,841 139 $885,267 146 $885,267 77
Financial Incentive $125,995 268 $125,995 35 $125,995 15 $126,263 16 $126,263 8
Program
Buildings and  Facilities $197,684 639 $197,684 56 $197,684 33 $155,909 22 $155,909 13
Lighting $174,801 565 $174,801 54 $174,801 30 $183,021 33 $183,021 25
On-site Renewable $151,255 390 $151,255 48 $151,255 25 $147,231 25 $147,231 18
Technology
Energy Efficiency and
Conservation Strategy $64,694 560 $64,694 22 $64,694 8 $65,728 8 $65,728 5
(Direct Grants)
Total $1,559,270 4,566 $1,559,270 452 $1,559,270 250 $1,563,419 250 $1,563,419 146
Indirect Grants
Egi?fi:ﬁ'c'ency $198,037 43 $198,037 40 $198,037 21 $184,804 21 $184,804 9
Financial Incentive $365,144 52 $365,144 48 $365,144 34 $374,567 34 $374,567 6
Program
Buildings and Facilities $55,255 28 $55,255 14 $55,255 7 $54,944 7 $54,944 5
Lighting $10,265 7 $10,265 4 $10,265 3 $10,265 3 $10,265 2
On-site Renewable
Technology $10,570 10 $10,570 4 $10,570 2 $10,570 2 $10,570 1
Energy Efficiency and
Conservation Strategy $0 0 $0 0 $0 0 $0 0 $0 0
(Direct Grants)
Total $639,271 140 $639,271 110 $639,271 67 $635,150 67 $635,150 23
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C. CATI Respondents D. CATI Respondents E. Evaluated
A. Frame B. Selected Sample (Using Frame BPA and (Using New BPA and (Final Respondents and
Broad Proaram Area Funding Data) Funding Data) Final Weight)
(BPA) 9 Funding Funding Funding Funding
Fundin Activities Estimated Activities Estimated Activities Estimated Activities Estimated Activities
9 Using Weight Using Weight Using Weight Using Weight
Factors1 -2 Factors1 -3 Factors1 -4 Factors1 -5
All_Grants
EZfrgﬁsEﬁ'c'ency $1,042,878 2,187 $1,042,878 277 $1,042,878 160 $1,070,071 167 $1,070,071 86
EL’;Z’:;';' Incentive $491,138 320 $491,138 83 $491,138 49 $500,830 50 $500,830 14
Buildings and Facilities $252,939 667 $252,939 70 $252,939 40 $210,853 29 $210,853 18
Lighting $185,066 572 $185,066 58 $185,066 33 $193,286 36 $193,286 27
On-site Renewable $161,825 400 $161,825 52 $161,825 27 $157,801 27 $157,801 19
Technology
Energy Efficiency and
Conservation Strategy $64,694 560 $64,694 22 $64,694 8 $65,728 8 $65,728 5
(Direct Grants)
Total $2,198,540 4,706 $2,198,540 562 $2,198,540 317 $2,198,569 317 $2,198,569 169

All funding data in

thousands .

Fundin g may not sum to the totals displayed in this table
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Table 12 shows the movemento fthe CATI respondents from their original BPA classification (column Cin
Table 11) to the new BPA classification that was collected to during the CATI interview. Table 12 also shows
the weighted amount of original frame funding affiliated with those activities that change BPAs. Note that
original frame funding is used in Table 12 so funding totals will not logically agree with the funding displayed
incolumn Ein Table 11.

Results from this evaluation suggest the biggest movement of funding, considering the percent of the

original frame funding, occurred in the building and f acilit ies BPA. Estimates from the CATI data indicated
19.2% of the funding in this  BPA should have been classified in the energy efficiency retrofit BPA. Results
also suggested 14.6% of the energy efficiency retrofit funding moved to the financial incentive programs for

indirect grants. In all other cases, 95% or more the original fun ding remained in the original BPA

classification after the CATI results were applied.
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Table 12 : Summary of Re

- Assigned BPA Classifications Using CATI Data

Frame Broad Program Area Revised BPA Using CATI Data Activities Origin al Frame Percent
(BPA) Funding
(in thousands)
Direct Grants
Energy Efficiency and Energy Efficiency and Conservation 7 $63,911 98.8%
Conservation Strategy (Direct Strategy (Direct Grants)
Grants) Energy Efficiency Retrofits 1 $784 1.2%
Financial Incentive Program Financial Incentive Program 15 $125,995 100.0%
Energy Efficiency Retrofits Energy Efficiency Retrofits 136 $828,210 98.0%
Buildings and Facilities 1 $11,533 1.4%
Lighting 2 $5,097 0.6%
Buildings and Facilities Buildings and  Facilities 21 $144,274 73.0%
Energy Efficiency Retrofits 9 $48,633 24.6%
Energy Efficiency and Conservation 1 $1,888 1.0%
Strategy (Direct Grants)
Financial Incentive Program 1 $1,541 0.8%
Lighting 1 $1,349 0.7%
Lighting Lighting 30 $174,801 100.0%
On-site Renewable Technology On-site Renewable Technology 25 $151,255 100.0%
Indirect Grants
Financial Incentive Program Financial Incentive Program 32 $347,487 95.2%
Energy Efficiency Retrofits 2 $17,657 4.8%
Energy Efficiency Retrofits Energy Efficiency Retrofits 19 $169,102 85.4%
Financial Incentive Program 2 $28,935 14.6%
Buildings and Facilities Buildings and Facilities 7 $55,255 100.0%
Lighting Lighting 3 $10,265 100.0%
On-site Renewable Technology On-site Renewable Technology 2 $10,570 100.0%
Total
Energy Efficiency and Energy Efficiency and Conservation 7 $63,911 98.8%
Conservation Strategy (Direct Strategy (Direct Grants)
Grants) Energy Efficiency Retrofits 1 $784 1.2%
Financial Incentive Program Financial Incentive Program 47 $473,482 96.4%
Energy Efficiency Retrofits 2 $17,657 3.6%
Energy Efficiency Retrofits Energy Efficiency Retrofits 155 $997,313 95.6%
Financial Incentive Program 2 $28,935 2.8%
Buildings and Facilities 1 $11,533 1.1%
Lighting 2 $5,097 0.5%
Buildings and Facilities Buildings and Facilities 28 $199,528 78.9%
Energy Efficiency Retrofits 9 $48,633 19.2%
Energy Efficiency and Conservation 1 $1,888 0.7%
Strategy (Direct Grants)
Financial Incentive Program 1 $1,541 0.6%
Lighting 1 $1,349 0.5%
Lighting Lighting 33 $185,066 100.0%
On-site Renewable Technology On-site Renewable Technology 27 $161,825 100.0%
Total $317 $2,198,540

Fundin g may not sum to the totals displayed in this table
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APPENDIX D. FINAL EVALUABILITY A SSESSMENT METHODOLOG Y

D.1. OVERVIEW

After the primary and secondary samples for the EECBG study were selected (see Appendix C for the

discussion of sampling methodology), information collected by the Department of Energy (DOE) for each

activity was reviewed to determine the likelihood of obt aining sufficient information to evaluate the activity.

Activities that were deemed evaluable were then moved to the next data collection phase where telephone

interviews and web surveys ®wi t h the activitiesé EECBG Grant Administrators

The evaluability analysis focused on documentation fromthe following sources :
f  Output from the PAGE 7 information system  Activity -Level reports
1  Output from the PAGE information system  Quarterly Milestone reports

1 Documents and spreadsheets provided by the DOE program administrators (PAS)

The contractor team  defined protocols whereby the engineering teams determine d which activities include d

or were likely to include enough information  for conducting the evaluation. Because documentation for
direct and indire  ct grant activities differed in the type of information  collected by DOE , different evaluability
protocols were used for each type . The evaluability criteria included:

1 Direct grant activities: the documentation must contain sufficient information to iden tify the types

of measure s installed . This information was then used to identify the relevant sections of the
telephone and web surveys that would be used to collect measure specific information.

1 Indirect (state) grant activities: the documentation must contain tracking data that identified
information about the type of projects undertaken in the activity.

D.2. DOCUMENTATION REVIEW PROTOCOLS AND DISPOS ITION CODES i DIRECT GRANTS

The engineering teams used the following protocols for reviewing the documentation for the direct grant
activities in the sample.
1 Output from the PAGE information system  Activity -Level :

0 Onthe Activities tab, the datawere filter ed by Grant Number and A  ctivity Worksheet Unique
ID and the following fields were review ed:

A Project Title 7 Description of the type of project

A Activity i Identify the types of measures installed and then grouped by type such as
nonresidential interior lighting, street lighting, residential gas heating, etc

A Metric Activity i Review to determine if  any additional information was provided that
was useful to determine the energy savings for this activity , such as equipment size,

quantity, type, configuration, building type, etc.

6 Both the telephone and web surveys were administered as Computer Aided Telephone/Web Surveys (CATI).

7 PAGE is the primary information system that DOE used to store program information and generate reports.
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A Project Summary - measure -specific detail data were identified. Data included
information such as measure type, size, quantity, efficiency, fuel, energy savings,
or any other information that describes  what the project included).
1 Output from the PAGE information system  Quarterly Milestone reports
0 Onthe Milestones tab, the data were filter ed by the Grant Number and Activity Worksheet
Unique ID and the following fields were review ed:
A Activity
A Milestone Description i Identify fields  which identify measure  -specific detail as
described above
1 Documents and spreadsheets provided by the DOE PAs
o Review of all PA  documents which were relevantto the selected activity.
o ldentify all information which identifies measure -specific detail for the  selected activity

Based upon the findings from the documentation review, the engineering teams assigned each selected
activity a disposition code ( Table 13). Activities receiving a cod e of A or B were deemed evaluable and
remained in the sample.

Table 13 : Direct Grant Disposition Codes

Determination Recommended Action Disposition
Code
All projects have sufficient Eval.uate using the approprlatg survey
. . . . sections. Ask about other project types
information to determine which CATI . . A
. and be ready to change sections if the
sectionsto  apply. . S
information is wrong.

More than half of projects (based on . .

. . Evaluate using the appropriate survey
estimated savings or dollars spent) . ;

S . sections. Ask about other project types
have sufficient information to and be ready to change sections if the B
determine which CATI sections to . cady g
information is wrong.
apply.
Less than half of projects (based on
estimated savings or dollars spent)
have sufficient information to Remove from sample. C
determine which CATI sections to
apply
None of the projects have sufficient

information to determine which CATI Remove from sample . D

sectionsto  apply

D.3. DOCUMENTATION REVIEW PROTOCOLS AND DISPOS ITION CODES i IND IRECT GRANTS

Since the indirect grants were comprised of large state -wide programs, the ~ PAGE data contained limited
detailed measure data. The initial documentation review focused on the information provided by the DOE
PAs. The engineering teams used the following protocols to review the documentation for the indirect grant
activities:
1 Documents and spreadsheets provided by the DOE program administrators (PAs)
o ProjectType : Project Title T Description of the type of project
0 Identify Sub-grant Recipients and Project T ypes i Identify the types of measures installed

Measure types were reviewed and grouped by type such as nonresidential interior lighting,
street lightin g, residential gas heating, etc
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0 Measure - Specific Information __: Enter any additional information that may be useful to
determine the energy savings for this activity , such as equipment size, quantity, type,
configuration, building type, etc.

Based upon the findings from the documentation review, the engineering teams assigned each selected

activity a disposition code ( Table 14). Activities receiving a code of E, F or G were deemed evaluable and
remained in the sample. Activities receiving a disposition code of H were then further reviewed to

determine what information was available and if it was sufficient to calculate energy savings.

Table 14 : Indirect Grant Disposition Codes

Determination Recommended Action Disposition
Code
Evaluate using the appropriate survey
This activity has a list of project sections. Ask about other project types
L h : E
types and sub -grant recipients. and be ready to change sections if the
information is wrong.
Evaluate using the appropriate survey
This activity has alist project types sections. Ask about other project types =
but not sub  -grant recipients . and be ready to change sections if the
information is wrong.
Evaluate using the appropriate survey
This activity has alistsub -grant sections. Ask about other project types
o - . . G
recipients  but not project types . and be ready to change sections if the
information is wrong.
T.hls actl\{lty does not have ei ther a Will decide how to handle these once all
list of project types or sub -grant . ; L : H
. projects in the activity are reviewed.
recipients.
Some of the indirect grants were comprised of large state -wide programs . For these indirect grants the
PAGE data and the documentation from the DOE PAs contained limited detailed measure data and the

evaluation team could not determine if the indirect grant activities were evaluable. These indirect grants
were kept in the sample and the screening questions in the CATI telephone survey were used to identify the
type of projects and measures installed under the indirect grant and determine the disposition codes.
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APPENDIX E. BPA ACTIVITY AND FUNDING DATA

Table 15 showsthe number of responding EECBG activities to this evaluation by BPA and grant type. The
number of evaluated activities ranged across the BPA s from 5 (energy efficiency and conservat ion strategy)
to 86 (energy efficiency retrofits). And most of the evaluated activities were direct grants (86%).

Table 16 shows the distribution of funding in the target population by BPA and grant type. The BPA that
received the least amount of funding among the six was energy efficiency and conservation strategy

($69,759) and the BPA that received the largest amount of funding among the six was energy efficiency
retrofits ($1,100,227k). Additionally, the direct activities received 76% of the funding over all six BPAs.

So in summary, the respondent distribution matched the distribution of population funding fairly closely. In

large part, this is by design becaus e the sample of activities selected for this evaluation was allocated to the
BPAs and grant types proportional to funding. This is discussed in greater detail in Appendix C.
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Table 15 : Distribution of evaluated activities by BPA and grant type
Grant Percent

BPA Type Total within BPA

Total of Six Evaluated BPAs Direct 146 86%
Indirect 23 14%
Total 169 100%

Energy Efficien  cy and Conservation Strategy

(Direct Grants) Direct 5 100%
Total 5 100%
Financial Incentive Program Direct 8 57%
Indirect 6 43%
Total 14 100%
Energy Efficien  cy Retrofits Direct 77 90%
Indirect 9 10%
Total 86 100%
Buildingsand F  acilities Direct 13 72%
Indirect 5 28%
Total 18 100%
Lighting Direct 25 93%
Indirect 2 7%
Total 27 100%
On -site Renewabl e Technology Direct 18 95%
Indirect 1 5%
Total 19 100%
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Table 16 : Distribution of EECBG funding by BPA and grant type

Grant Funding Percent
BPA Type (i n $1, 0C withinBPA
Total of Six Evaluated BPAs Direct $2,045,112 76%
Indirect $649,022 24%
Total $2,694,134 100%
Energy Efficien  cy and Conservation Strategy
(Direct Grants) Direct $69,759 100%
Total $69,759 100%
Financial Incentive Program Direct $171,498 31%
Indirect $380,442 69%
Total $551,940 100%
Energy Efficien  cy Retrofits Direct $906,679 82%
Indirect $193,548 18%
Total $1,100,227 100%
Buildings and F  acilities Direct $563,050 91%
Indirect $54,166 9%
Total $617,215 100%
Lighting Direct $186,359 95%
Indirect $10,288 5%
Total $196,648 100%
On -site Renewabl e Technology Direct $147,767 93%
Indirect $10,578 7%
Total $158,345 100%
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APPENDIX F. DETAILED ACTIVITY -LEVEL ENERGY IMPACT
ESTIMATION METHODOLO GY

F.1. OVERVIEW

This appendix details the methods used to estimate overall energy savings and renewable generation

impacts for each of the activities within the EECBG evaluation. The overall energy impacts referred to in this

section correspond with fAgross savi nglatian ofaltility energy efficence o mmonl y u s
programs that refers to the total savings achieved by program activities, not just that portion attributable to

EECBG.

Table 2 -1 in Volume |  shows the major data collection and impact estimation methods used for the var ious
broad program areas (BPAs) studied. Each of the impact calculation methods is explained in detail in
Sections F.3 through F.6 of this appendix. Section F.4 details the standard calculation tool (SCT) used to
calculate energy savings impacts from energy efficient equipment in all BPAs except On -site Renewable
Technology. Section  F.3 describes the secondary source research used for Energy Efficiency and

Conservation Strategy. Section F.5 describes the standard renewable protocol used for calculating energy

savings and generation from renewable energy technologies. Finally, Section F.6 outlines the method used
to calculate revolving loan impacts, which occurred for activities across several of the applicable BPAs.

F.2. ACTIVITIES WITH INSU FFICIENT DOCUMENTATI ON

In some cases, the ¢ ontractor team was unable to determine the energy savings resulting from a sampled
EECBG activity because sufficient documentation of the measure and scope could not be obtained. Although
the SCT (described below) was built to address some data gaps, there were four main conditions for
dropping a sampled activity from the study:

A Insufficient contact information: In these cases, the primary contact was no longer with the grant

recipientds organization and the remaining. staff was unabl

A Survey non -completes: The contractor team did not conduct the participant survey because the
contact did not respond to the telephone survey request.

A Partial survey completes: The participant survey was conducted in two steps; first by telephone to
verif y the contact information and the size of the grant, and then online to elicit more information
about the actual measures installed. Some respondents participated in the telephone survey but not
the online portion. In such cases, the contractor team review ed the documentation and, where
possible, determined the energy savings for those activities. If it was not possible to do that based
on the information available, then the activity was dropped from the study.

A Insufficient online survey information: In man y cases, the information provided during the online
survey was insufficient to determine energy savings. In these cases, engineers from the contactor
team attempted to conduct follow -up phone interviews with the respondent and other members of

thegrantre ci pi ent d6s organi zation to get more dat a. I'f the resg
reached, could not provide the data needed, the activity was dropped from the study.

F.3. SECONDARY SOURCE RES EARCH
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Secondary source research was used for measures in the Energy Efficiency and Conservation Strategy BPA.

This BPA was distinct from the others offered in the EECBG program in that potential grantees/sub -grantees
were required to develop an Energy Efficiency and Conservation Strategy plan for their state, territ ory,
municipality, or tribe. The objective of the plan was to ensure that recipients developed a forward -looking
framework to identify and capture energy saving opportunities and associated benefits, such as job growth

and environmental benefits. Some stra tegies developed in this BPA do not necessarily translate to direct

energy savings. In many cases, funds were used for activities such as building operator training or

elementary school education modules. To estimate savings for these measures, the contrac t team

researched similar programs that had been implemented and evaluated previously. Verified savings from the
researched studies on a per  -unit basis (such as per student or per training) were identified and applied to
the EECBG activity to estimate over all savings.

F.4. THE STANDARD CALCULATI ON T ONERGYS AFINGS | MPACT METHODS

The SCT was developed to support the SEP and EECBG evaluations. Section F.4.1 describes the general
functionality of the SCT. Section F.4.2 describes the selec tion of calculation algorithms from publicly

available sources. Section F.4.3 presents the methodology for defining the appropriate baseline for ea ch
technology. Finally, Section F.4.4 describes the application of state and national codes and the associated
general assumptions made in the deve lopment of the tool.

F.4.1. Description of the SCT

The SCT was developed to ensure consistency of calculation methods across multiple activities through

transparent procedures, replicable results, and an auditable trail for quality control. The tool is a collec tion of
engineering -based methods that allows the user to estimate energy savings for 21 residential and 17

nonresidential energy efficient measures.

The contractor team assembled the best available information on the measures into a software application

that prompts the user for the inputs necessary to perform the relevant calculations. Energy savings can be
estimated for measures located anywhere in the country using input data that can vary greatly in terms of

content and quality. For example, in the a bsence of detailed equipment quantity, sizing, or efficiency
information, the tool can estimate savings for many measures based only on the square footage of the

space affected. The SCT makes the best use of available measure -specific data while making the most
reasonable use of assumptions given the nature of the local program, measures, and operating environment.

Each of the 38 measures included in the SCT had individual specifications; however, they all follow
consistent general principles, which inclu de:

A Algorithms and assumptions based on industry standards. Existing technical resource manuals
(TRMSs) served as the source of the calculation algorithms and some default assumptions for the SCT.

A Life -cycle savings estimate. The contractor team calculated life -cycle energy savings or the energy
savings over the life of the installed measure.

A Dual baseline. A dual baseline allowed the team to estimate savings for accelerated measures, or
measures that were installed earliert  han they would have been without the program. A dual baseline
calculation uses the efficiency of the existing (replaced) equipment as the baseline during the
acceleration period and standard efficiency as the baseline during the remainder of the installed
equipment life.

A Retrofit and new construction measures. The developed algorithms were capable of addressing both
retrofit and new construction measures.
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A Local and regional characteristics. Where practical, the effects of local and regional differences were
included in the calculation. The major differences included:

- Weather . Population -weighted, normalized weather data allowed production of state -level estimates
for heating degree  -days, cooling degree -days, and average outdoor temperature.

- Energy Intensity. The SCT uses energy intensity information to estimate energy savings if the
equipment capacity was missing. This information was determined for each census region using the
EIA Commercial Building Energy Consumption Survey data.

A Model energy codes. State energy codes served as the baseline in some situations, adjusted to
consider noncompliance and, for accelerated and add -on measures, equipment degradation. The actual
values came from the model energy code on which the state code is based.

Table 17 shows the measures programmed in the SCT by sector. Most of the measures reference a standard,
one -for -one equipment replacement. The SCT is not equipped to handle mos t fuel switching calculations.

When energy efficiency measures installed through EECBG could not be calculated with one of the SCT
measures , custom calculation methods were developed and independently documented. Custom calculation
documentation includedt  he input values, algorithms, assumptions, and clear justification for the
recommended approach.

Table 17 : Measures in the SCT

Residential Nonresidential
Boiler Furnace Boiler Lighting
Lighting Refrigerators Chillers Heat Pumps
Dishwashers Clothes Washers Doors Windows
Doors Windows Air Sealing Insulation
Air Sealing Insulation Cool Roof Furnace
Cool Roof Central AC Programmable Thermostat Packaged and Split AC
Heat Pumps Programmable Thermostat HVAC Controls Water Heater
Room/Window AC Water Heater Variable Frequency Drives Motors
Low - Flow Showerhead Low Flow Aerator Package Terminal Air Conditioner (PTAC) and Package
Terminal Heat Pump (PTHP)
Turn -Down Water Heater Pipe Insulation
Temperature

F.4.2. SCT Calculation  Algorithm Selection

We reviewed 22 national, regional, and state -level technical reference manuals (TRMs) to identify the best
ones as judged on transparency and national applicability of source information, nationally relevant or

modifiable algorithms, a  nd range of measures per sector. Based on these selection criteria, nine TRMs were
designated as preferred sources, including: ENERGY STAR, Regional Technical Forum (RTF) in the Pacific
Northwest, Mid - Atlantic, Pennsylvania, Ohio, Wisconsin (nonresidential ), New York, TVA, and Texas
(residential).

One nonresidential and eight residential calculations were built using nationally applicable ENERGY STAR
calculators. The New York TRM contributed to four measures, Pennsylvania to three measures, Wisconsin to
thr ee measures, Ohio to three measures, Mid - Atlantic to two measures, and TVA to one measure. We did
not rely on RTF or Texas for any measure calculations. The residential air sealing calculation utilized an
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existing Lawrence Berkeley National Laboratory (LB NL) tool, while the cool roof calculations utilized an
existing ORNL tool.

In addition to the preferred TRMs, the SCT also uses the Indiana TRM for two measures, Arkansas for one

measure, lllinois for one measure, and Vermont for most space heating and coo ling measures. Alternative

TRMs were used when the preferred TRMs did not contain a calculation for the measures addressed, such as
low - flow showerheads or faucet aerators. Vermont was used as an alternative calculation for building load
(using square foot age) when the equipment capacity was not available. Finally, the contractor team used an
original calculation to estimate savings for window replacements, HVAC controls, and nonresidential air
sealing, as none of the reviewed TRMs had a standard calculatio n for this measure.

F.4.3. Determining the Appropriate Baseline

The baselines used in the SCT correspond to the baselines referenced in the survey instrument in order to
produce appropriate impact results. The baselines depend on measure category and timing effe ct.

The measure categories are:

A Add -on measures: Equipment or practices that can be combined with existing equipment or structures.
Examples include variable speed drives (VSDs) and controls. These measures do not have a range of
efficiency levels, butrep  resent efficiency improvements by themselves. The savings from add -on
measures are the difference in usage for the site with and without the measure in place. If the add
measure is added without changing other equipment, the baseline condition is the pr ior equipment
without the add -on measure. If the add  -on measure is added in conjunction with replacement

-on

equipment, the baseline condition for the add -on measure is the new equipment without the add -on

measure.

A Incremental efficiency measures: These are hi gher -efficiency versions of equipment that could be
installed at a lower -efficiency level. The savings from incremental efficiency measures are the difference
in usage for the site with the (high - efficiency) equipment installed under the program compared w
lower - efficiency equipment that would otherwise be in place.

The timing effects are:

A Natural replacement: This references replacement of equipment at the same time as it would have
been replaced absent the program. For natural replacement, the baseline is the usage with standard
efficiency new equipment in place.

ith the

A New construction: This references the installation of new equi pment or structure for a new building or

a new addition to an existing building . The baseline condition is the facility with standard equipment or
construction.

A Accelerated replacement: This references replacement of existing equipment with new equipment,
sooner than the equipment replacement would have occurred absent the program. For accelerated
replacement, the baseline condition is the old equipment for the acceleration period, and standard

efficiency new equipment from the end of the acceleration perio d to the end of the measure life , shown

in Figure 2. If the old equipment would have stayed in place indefinitely, the acceleration period is the
full measure life, an  d the baseline is the old equipment for the full measure life.
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Figure 2: Representation of energy savings from retrofit

Table 18 shows the baseline definitions by measure category and timing effect.

Table 18: Baseline definitions by measure category and timing effect

Timing Effect Incremental Ef ficiency Measures*

Add -on Measures*

Natural Replacement Federal standards
Standard alternative

New Construction State energy code, DR%
Accelerated Acceleration Federal standards, D%
Replacement Period Standard alternative

State energy code, DR%, D%

Remainder of Federal standards
effective useful Standard alternative
lifetime (EUL)

Federal standards, D%
Standard alternative
State energy code, DR%, D%

State energy code, DR%

Federal standards, D%
Standard alternative
State energy code, DR%, D%

Federal standards, D%
Standard alternative
State energy code, DR%, D%

*D% refers to degradation adjustment; DR% refers to adjustment factor related to compliance

To apply the above definitions, we needed a basis for specifying standard and existing equipment. In

cases, we did not have an opportunity to observe actual equipment prior to measur

e installation, and we did

not have local information on standard practice for new equipment. We used the following to specify

standard and prior equipment baselines.
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The timing effect was  based on responses to the surveys. The participant questionnaires asked if the
measure would have been installed earlier, later, or at the same time absent the program, and if later how
much later. We used the following classification b ased on the timing response:

A Would otherwise have been installed at the same time or earlier: Natural replacement.
A Would otherwise have been installed four or more years later: Early replacement.

A Would otherwise have been installed x months later, up to 47 months: Accelerated replacement with
x/12 years of acceleration.
A Donét know: Early replacement.

Section F.4.4 discusses federal standards and state energy codes, including the degradation adjustment and
adjustment factor related to compliance.

iStandard alternatived refers to standard baseline assumpti ons
measures that do not have an efficiency standard , or may not have been covered by the state energy code.

Examples include most lighting and water reduction measures. These assumptions represent the typical

non -energy efficient equipment replaced by the qualifying equip ment, or the typical non  -energy -efficient

equipment improved by the add -on measure. Examples include 400 W metal -halide bulbs as the baseline for

6-lamp T8 high -bay fixtures or incandescent bulbs as the baseline for residential CFLs. We used common

industr y practice and guidance from the source TRMs to determine the standard practice.

F.4.4. SCT Application of Standards  and Codes

iState energy codeo refers to the primary energy code in effec
particular structure was built. State energy codes have currently been adopted in all states and territories

but 10. AFederal standardso refers to equipment efficiency stea
Such standards have been created for many types of equipment, including f urnaces, air conditioners,

household appliances, and electronics, and can change over time. Standards are created through legislation
or DOE rulemakings, and require all affected appliances manufactured after a certain date to conform to the
standard.

Federal standards and model energy codes served as the input for baseline information in the following ways.
In all cases, itwas assumed that these definitions of standard efficiency would correspond to what our
survey respondents were likely to have in mind when they answered attribution sequences.

A Standard efficiency for current new construction measures. For new construction measures, the
baseline efficiency was equal to the energy code requirement in the state in which the building was built.
An adjustment factor was applied to help address noncompliance based on publicly available studies and
profession al judgment. We feel that this definition of standard efficiency corresponded to what our
survey respondents were likely to have in mind when they answered attribution sequences.

A Standard efficiency for natural and accelerated replacement. For natural and  accelerated
(remainder of EUL) replacement measures, the baseline efficiency was equal to the federal standard for
the minimum required equipment efficiency the year before the project was installed. More discussion on
the lag year is found in the followin g paragraphs.

A Federal standards: Actual/prior efficiency for accelerated replacement and add -on measures. For
accelerated replacement (acceleration period) and add -on measures where federal standards were
applicable, the baseline efficiency was equal to the minimum required equipment efficiency the year
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before the actual/prior piece of equipment was purchased. 8 An adjustment of 10% reduction in
efficiency over the life of the equipment was applied to HVAC equipment to account for efficiency
degradation, b ased on professional judgment. If the respondent could not provide an accurate estimate
of the actual/prior equipment age, we assumed the maximum EUL for that piece of equipment.
A Energy code:  Actual/prior efficiency for accelerated replacement and add -on m easures. For accelerated
replacement and add -on measures, where federal standards were not applicable, the baseline efficiency
was equal to the energy code requirement in effect in the state at the time the retrofit structure was
built, adjusted to conside  r noncompliance and efficiency degradation based on age. If the actual age of
the building was not known, we assumed the maximum EUL for that piece of equipment and used the
code value in effect at that time with the adjustment and degradation assumption.

The federal standard was applied one year after it was adopted. This simplification allowed us to address
two issues across all measures:

A Effective standard date. Federal standards do not always begin on January 1 of the year in which they
go into effect. We assigned a single federal standard to the entire year based on the standard that was
in effect for the majority of that year. We did not use standard -specific change dates.
A Adoption lag from storage. Federal standards address the efficiency of the equ ipment manufactured,

not the equipment sold. There is a lag in actual market adoption of the new equipment standard as the
stored, less efficient equipment is sold in the market. The actual lag time likely differs by region and

type of equipment, but there was no systematic way to determine what it should have been for each
technology. To account for the storage lag, we applied a one -year lag period, based on professional
judgment, before applying the change in standard.

For state energy codes, the contract or team used the values from the model energy code on which the state
code was based. We made the following assumptions for simplification purposes:

A The appropriate model energy code was applied at the state level, using information from the DOE

Building E nergy Codes Program. State  -level assignments were important because the energy programs
were designed to provide incremental efficiency above state codes, not a national average.

A We used the model energy code as written, without applicable state -specific a mendments.

A We assigned a single model energy code to the entire year, based on the code that was in effect for the
majority of that year. We did not use state -specific change dates.

A We assumed a lag in code adoption to account for the time it takes to ¢ omplete the construction of a

building. The lag was one year for residential buildings and two years for nonresidential buildings. Our
assumptions were based on professional judgment because there was no systematic way to determine
what the lag should be f  or each technology.

A Adjusted baselines were developed as follows:

8 For add -on measures (measures that consist of equipment or practices that can be combined with existing equipment or structures and
represent efficiency improvements by themselves, such as VSDs or controls), the baseline was the prior equipment without the add -
on measure.
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- We developed an adjustment factor that helps to address the percentage of buildings that a re
noncompliant based on public  ly available studies. ° The adjustment factors are 16% for commercia
buildings and 33% for residential buildings.

- We weight (multiply) the efficiency level from the previous applicable code by the adjustment factor.
We weight (multiply) the efficiency level from the current applicable code by the complement of the
adjustm ent factor.

- We calculated a weighted average efficiency level (sum of the two products from the previous bullet)
based on the two efficiency levels (current and previous code) and the adjustment factor.

A Where other information was not available, t he baseli ne used for commercial buildings was ASHRAE
90.1 -1989 ; for residential buildings it was Model Energy Code 1993 because our research showed that
these were the first widely adopted model energy codes.

F.5. RENEWABLE GENERATION IMPACT METHODS

Standard calculation  methods were used for estimating all electrical or thermal energy generation and/or

savings associated with renewable ener gy systems installed through EECBG

Thermal energy savings were calculated for solar water -heating systems used  for space heating and hot
water production . Electrical energy generation was calculated for photovoltaic and wind systems that
displace fossil fuel use d in the generation of electricity. Findings regarding d isplaced fuels and grid electricity
were also used in the carbon model described in Appendix J .

Calculation methods are provided below for photovoltaic systems (  F.5.1), solar water heating ( F.5.2), and

wind systems (- F.5.3). Each sect ion includes a description of the chosen calculation algorithm or tool and
describes input parameters and assumptions.

F.5.1. Photovoltaic (Solar Electric) Energy Impacts

Estimates of solar energy (kWh) generated by photovoltaic (PV) systems were performed using PVWatts, an

online software package provided by the National Renewable Energy Laboratory ( NREL). This tool was

chosen based on the public availability of both the tool and of supporting solar resource data provided by

DOE.

Calculation documentation for PV systems includes, but is not limited to, the information listed in Table 19.

These data points are required entries in the model and appear in the PVWatts output.

9 The limited number of noncompliance studies, variations in methodology, and wide range of results prevents us from determinin ga more
robust noncompliance adjustment factor.

10 pVWatts version 1. A Performance Calculator for Grid -Connected PV Systems. NREL.

http://rredc.nrel.gov/solar/calculators/PVWATTS/versionl/ (accessed June 17, 2013).
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Table 19 : Solar photovoltaic calculation default assumptions

Calculation parameter Default assumption, if missing
Displaced energy source Regional grid electricity mix
New Equipment Installation Year (Y install ) Program year
System Lifetime Manufacturer warranty; 20 years
Array Type 1 Commercial building: rack mounted.
1 Residential building: rooftop mounted.
Panel Tilt (degrees from horizontal) 1 If rooftop mounted, use rooftop incline.
1 If not rooftop mounted, tilt based on latitude.
Rooftop Incline 30 degrees
Panel Orientation  (degrees from north) South facing
AC to DC Derate Factor (0.0 to 1.0) 0.77 (PVWatts default value)
System Lifetime 25 years (Average Manufacturer Warranty Lifetime)
Degradation Factor (0.0 to 1.0) 0.5% per year (NREL) ™

In addition to the required inputs, additional information was asked of program funding recipients to
determine the amount of shading occurring at various times of the day and year due to surrounding objects
or snow.

Ininstanc es where there are multiple  arrays of panels at a site with different tilt angles, orientations, or
shading, the PVWatts calculations were performed separately for each array.

F.5.2.  Solar Water Heating Energy Impacts

Energy savings from solar water heating were calculated using RETScreen v4, 2 a tool developed by Natural
Resources Canada for predictive modeling. This tool was chosen for its larger scope of program specific input
parameters than other considered tools. It includes regional weather data, information on the specific
system used, application, and replaced system information.

The RETScreen model requires various operational parameters of the solar water heater installation and of

the load. Examples of these parameters include climate data, system desig n specifications, and the quantity
of water heated. The model then calculates the estimated energy savings due to the installation of solar

water heating systems for service hot water with storage, service hot water without storage, and swimming

pools, as applied to residential, commercial, and industrial applications.

The RETScreen model provides algorithms and recommendations for default input parameters for use when
program data are not available. Table 20 lists modeling assumptions made in addition to RETScreen default
input parameters.

1 Dirk Jordan and Sarah Kurtz. Photovoltaic Degradation Rates i an Analytical R eview. National Renewable Energy Laboratory (NREL).
http://www.nrel.gov/docs/fy120sti/51664.pdf
12 RETScreen International. Natural Resources Canada. www.re tScreen.net (Accessed October 7, 2013)
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Table 20 : Solar water heater calculation default assumptions

Calculation Parameter

Default Assumption, if missing

Energy Savings Fuel Source

Regional grid electricity mix

New Equipment Installation Year (Y install ) Program year

System Lifetime

Manufacturer warranty; 20 years

13

Panel Orientation  (degrees from north) South facing

Type of collector  (unglazed, glazed, evacuated)

Total capacity [Number of tanks & capacity of each

(gal)]

[Residential Only] Number of people in home

1 Pool heating or aquaculture: unglazed
1 All others: glazed

1 Residential: daily water usage = tank capacity

1 Nonresidential: Use square footage of facility & facility ty pe

to estimate hot water usage

Average persons/household for State per 2010 census data

14

RETScreen also estimates the

fiparasitic 0™ energy used by the solar water heating circulation pump. The

model estimates an annual electricity usage (MWh) for the pump based on an input value for pump power

per unit area of solar panel (W/ft

2). RETScreen will calculate the MWh used by the pump by d

ividing the

pump power by the solar collector area. The user subtracts the parasitic energy usage from total production

when electric energy is displaced.

RETScreen calculates the parasitic load based on user inputs regarding storage capacity, heat exchang

ers,

miscellaneous losses and pump power per solar collector area. RETScreen provides recommendations in the

help section for pump sizing and power ranges per collector aperture area.
value will be small, but not insignificant
be sizeable. These loads were neglected for:

il

il

17

thermosiphon systems, as a circulation pump is not required.

systems with photovoltaic -powered pumps, as the required electric energy is produced by

photovoltaic panels.

18 For residential systems, the
, if an electric pump is used. For industrial operations, the value can

outdoor swimming pool systems when the filtration system pump can be used for the solar loop; if
ced too high above pool level, a booster pump

the solar loop requires a high head (e.g., collectors pla

may be required) then include the pump as parasitic load.

industrial systems where water is diverted through the collectors before being delivered to the load.

13 Save Money and More with Energy Star Qualified Solar Water Heaters.

http://www.energystar.gov/index.cfm?c=solar_wheat.pr_savings

benefits

Inputs and Results. October, 2012.
http://www.pacificorp.com/content/dam/pacificorp/doc/Energy_Sources/Integrated_Resource_Plan/2013IRP/PAC%202013IRP_SWH%20Me

; The Cadmus Group, Inc. Overview of Solar Water Heating

mo_10 -05-12.pdf
4 http://quickfacts.census.gov/qfd/index.html
“pParasitic energy is the energy used

used by the ci

solar water heater.
16 Aperture area is the area in which solar radiation enters the collector. This is different from absorber area, or the
absorber, and gross area, which is the area based on the outer dimensions of the collector.
17 RETScreen Software Online User Manual, Solar Water Heating Model.
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F.5.3.  Wind Energy Impacts

The NREL Wind Energy Payback  Period Workbook version 1.0 (NREL model) 18 was chosen for calculation of
wind energy impacts for the EECBG evaluation. The model is similar to other publicly available models, such

as the Idaho National Laboratories (INL) wind model, in that it bases its kW h production estimates from a
Weibull probability distribution function. The differentiating factor that makes the NREL model preferable is

that it provides default assumptions for some of the inputs, and corrects for air density and derate factors 19
when ¢ alculating contribution to average wind turbine power (kW).

The model uses project site information such as wind speed, elevation, and density to estimate the wind

profile. Physical characteristics of the turbine, including rated capacity, hub height, and power curve (power
production at different wind speeds), can also be input to the model. Finally, miscellaneous factors such as

turbine maintenance and weather can be input to better define the capacity factor, which is the amount of

time available for el  ectricity production at the site.

The NREL model uses the Weibull function formula to create a probability distribution of wind speeds at the
specific site and percent of the time during the year the wind speed will be at projected levels.

Arange of av erage annual wind speeds are taken from an NREL geographic information system (GIS) wind

speed map for the particular location being studied. The site evaluator selects an average annual wind speed

from the range using his or her best assessment of the sit ed6s characteristics. For a
height, a value for the annual average wind speed is estimated using the Power Law equation:

Equation 1: Average Wind Speed

06 QW O Q1 GO QBDY b

= Average wind speed

Rotor hub height

= Anemometer height

= Wind shear exponent (  see Table 21)

TWo >
I

With these inputs, the model yields an expected kW rating on a yearly basis at each of the different wind

speeds at the turbine site. The model then sums the expected yearly kW at all the d ifferent wind speeds to
get a total kW estimate at the site. This number is then multiplied by 8,760 hours/year to obtain the annual

energy production (kWh/year).

Table 21 lists the inputs used for the model and defaults that can be assumed in the absence of respondent
data.

18 wind Energy Payback Period W  orksheet version 1.0. NREL  http://www.nrel.gov/wind/docs/spread_sheet_Final.xls (Accessed October 9,
2013)
19 A derate factor is a number which values the proportion of electricity that is retained by the system after taking into account electricity

loss throughout a system, which could be caused by inverters, lack of maintenance, or external conditions (e.g., weather).
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Table 21 : Solar photovoltaic calculation default assumptions

Calculation parameter Default assumption, if missing
Displaced energy source Regional grid electricity mix
New Equipment Installation Year (Y install ) Program year
System Lifetime Manufacturer warranty; 20 years
Wind Shear Estimate % 1 0.10inches i very smooth terrain or open water use

T 1/7 inches T smooth terrain
1 0.20inches i flatterrain with some surface roughness
(the Great Plains)
Weibull k T k=2 1 inland sites
T k=3 i coastal sites
T k=4 1 island sites and trade wind regimes

Turbine hub height (m) 80 feet (AWEA) 2

Anemometer Height (meters) 10 meters

Availability (%) 95 - 98 %

Performance Margin 1 0.0(0%) i grid -connected applications

1 0.05(5%) 1 remote homes and village power sites with
back - up power
T 0.15(15%) - 0.25(25%) i telecommunication
applications with  back -up power
1 0.2(20%) - 0.4(40%) 1 high -priority loads at sites
without back -up power (should have solar component).
Performance Derating 10%

F.6. REVOLVING LOAN IMPAC T METHODS

This section outlines the default assumptions used in calculating the effect s of revolving loan repayment
streams. In a revolving loan fund arrangement, loans are awarded to projects through a central fund.

Program participant  re payments to the fund are then redistributed to new projects, extending the impact per
dollar of initially ~ awarded funding. Revolving loan repayment streams affect the energy impact, cost -
effectiveness, labor, and carbon impacts that occur.

The evaluation contractor team calculated revolving loan impacts through the application of several common
assumptions. These assumptions are intended to capture the full benefits and costs of revolving loan funds ,
while still making the analysis as reasonable and accessible as possible. The method for calculation of

revolving loan impacts involves the following steps:

A Disb urse the full loan pool amounts over the 2009 program year unless detailed documentation is
available indicating an alternative arrangement

A Start repayment of principal and interest (P+i) in the year following disbursement and run it through the
full ter m of the loan. This step assumes that there are no early repayments and no defaults.

2 M. L. Ray, A.l. Rogers, and J.G. McGowan, Analysis of Wind Shear Mo  dels and Trends in Different Terrains , AWEA Wind Power 2005
Conference, Pittsburgh, PA, June 2006.

2! Frequently Asked Questions . American Wind Energy Association.
htt p://www.awea.org/Issues/Content.aspx?ltemNumber=4638&navitemNumber=727 (Accessed October 9, 2013)
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A Assign all cash flows at the end of each year.

A Attribute repayment of P+i on an annual basis rather than monthly. 2

A Assume the borrower collects P+i for one year and then r eloans the full amount repaid minus funds used
for administrative expenses (typically equal to the interest rate charged on the loan). In other words,
the |l oans fArevolved once per year.

A Assume the new portfolio of loans has the same interest rate, loan dur ation, repayment risk profile and

energy savings potential as the initial round of loans. =

A The assessment is no longer than 20 years such that no loans are made after 20 years from the final
year of the program. For example, if an activity starts loaning f unds in 2010 and the last loan made
from the original funding is in 2012, the revolving loan schedule for 2012 continues no longer than 2032.
A Exclude income and sales tax rates from the calculations.
A Assume the impacts of the revolved loans follow the same pattern of the initial loans, only at a reduced
proportion because defaults and the repayment rate never fully replenishes the original loan fund. This
proportion is determined by the ratio of new loaned dollars to original loaned dollars. It should also be
noted that the number of years over which the streams occur is the same. So, for example, if the initial
loan had 10 years of energy savings, then a revolved loan will also have 10 years of savings, just at a
smaller proportion.

The treatment of revol  ving loans affects each criterion for cost - effectiveness (RAC and present value) in a
different way, as outlined in Table 22. Where the loan interest rate is differen t from the discount rate, the
present value loan analysis produces residual dollars (i.e., net present value is not zero). When positive,

these amounts represent a benefit to the borrower because, in present value terms, the borrower is paying

back fewer d ollars than they borrowed. A positive balance also implies a cost to the lender because they are
receiving fewer dollars than they loaned out in present value terms.

Table 22 : Effects of revolving loans on cost - effectiveness calculations
Criteria Initial Loan Loan Repayment
Disbursement
RAC Increases program No Impact
expenditures (cost)
Present Value Increases present value Reduces present value of program expenditure (cost) by offsetting some i
Ratio of program expenditure but notall i of the loan disbursement amount
(cost) Reduces present value of participant bill savings (benefit) since free cash
flow from bills savings is reduced by the amount of loan payments
Increases program expenditures (cost) when present value dol lars paid

back are less than present value dollars borrowed

Because revolving loans have annual impacts reported as a percentage change from a baseline forecast,

they have associated employment and economic impacts. Changes in economic activity from short -term and
long -term spending influence the degree of change in employment. The timing of initial loan disbursements

and the repayment terms of these loans determine the level of cash flow (and therefore spending) of

borrow ers. This spending drives cha  nges in economic activity as detailed in Table 23.

2 Technically, discounting is applied to periods rather than years. Given that the discount and inflation rates from OMB are pr ovided on an
annual basis, a p eriod is defined here as one year.

2 The risk profile of the borrower can be considered constant due to the same application requirements and interest rate assign ment (an
indicator of risk). However, this does not imply that all borrowers will adjust to changing market conditions in the same way.
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Table 23 : Effects of revolving loans on employment impacts

Employment Initial Loan Disburse ment Loan Repayment

Direct Increase current period employment No Impact on current period employment

Indirect No impact on future period employment Dampens impact on future spending/reinvestment

(and employment) until loan is paid off
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APPENDIX G. EECBG-ATTRIBUTABLE IMPACT METHODOLOGY

This section presents the standard evaluation approach used to assess the extent to which the estimated

energy impacts for each sample activity were attributable to the EECBG program. The attribution
methodology was designed to answer the two fundamental r esearch questions that were asked for each
evaluated activity : what are the EECBG program effects on market actors and if EECBG activities overlapped

with other programs, to what extent are the observed activities and outcomes attributable to one program
or another?

EECBG-attributable savings were estimated from project -level data using a standard methodology across all
174 activities. This section presents the standard EECBG evaluation approach to assessing the extent that
each sample d activity estimated  energy impacts could be attributed to the EECBG.

The EECBG activities focused on providing individual market actors with the information, tools, and
incentives they would need to more quickly adopt energy efficiency and renewable energy measures of
specif ic projects. Assessment of attribution for these programs relied on program manager reports that
provided insight into how decision makers made choices.

1. Program Effects on Market Actors

Question: What would the market actors targeted by the activity h ave done to adopt the activity -supported
technology or service in the absence of the program?

This question provides the framework for attributing the appropriate portion of overall outcomes to the

program. Market actors include energy users as well as f irms and individuals in the supply chain for energy
using equipment, renewable energy generating equipment, and design, installation, and maintenance
services.

For EECBG, program effects were estimated based on online survey responses provided by program

managers for the direct and indirect grants. Specifically, program managers were asked a set of attribution

questions directed at answering the question of how EECBG influenced participant behavior. The attribution

battery sought to determine the answer to this question through three parameters: timing of participant

behavior, quality of technology or service used by participant, and quantity of technology or service used by

participant. These three factors, where appropriate, were the foundation for estima ting a programds
influence on a participantds or other market actoro6s behavior.

For indirect grants, the same basic attribution battery was used, but for each parameter, the program
manager was asked to estimate the portion of the projects in the activity to which each response option
applied.

The specific methodology is provided in detail later in this appendix.

2. EECBG Influence on Activities and Outcomes of Other Programs and Vice Versa
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In instances when  other programs target the same activities and o utcomes as EECBG in the same domain,
to what extent were observed activities and outcomes attributable to one program or another?

In many states, ratepayer funded programs targeted some of the same outcomes as EECBG. In some of

those cases, EECBG provide d resources for efficiency and renewable measures in addition to the resources
offered by other programs. This could result in other programs possibly claiming some of EECBG program

savings, but this study did not find evidence of that. Even in the few cas es where EECBG participants
indicated that other programs had an effect on their decision -making, there was no clear indication that the
other programs influenced these participants enough to claim EECBG savings

Attribution Analysis Methodology

This section provides a detailed explanation of the program attribution methodology used in this evaluation.

An attribution analysis is used to determine the ratio between verified gross savings and net (attributable)
savings for the program. In this evalu ation, the verified gross savings analysis is a parameter that fed into
the net savings analysis. Previous sections of this report have explained the verified gross savings analysis
that the contractor team  conducted for each program to determine the gross savings.

The remainder of this section introduces the parameters used in the attribution analysis. The next section
outlines the method used to combine those parameters into a single attribution value. The last sections
describe, in detail, how the param eters are determined from the participant survey.

The attribution analysis is based on the following parameters that are determined from the engineering
verification review and participant survey:

1 Acceleration Period, m a. This reflects the effect the prog ram had on when the equipment was
installed. The acceleration period corresponds to the number of months between when the
equipment was actually installed and when it would have been installed in the absence of the
program. For respondents who say they wou Id have installed the measure at the same time or
earlier without the program, m a = 0. For those who say they would have installed later, m 2 IS the
number of months later they say they would have installed, up to a maximum of 48. This factor is
based on re sponses to attribution questions in the participant survey.

1 Existing Equipment Efficiency: This is the efficiency of the equipment that was replaced. Where
necessary, the contractorteam  estimated this efficiency level based on the age of the replaced
equi pment provided by survey respondents. The existing equipment efficiency was used as the
baseline efficiency for gross savings calculations during the acceleration period; therefore, it was
only used for accelerated measures or measures with m 2> 0.

1 Standar d Equipment Efficiency: This is the standard efficiency level for the type of measure
installed at the time the respondent purchased the new equipment. The standard equipment
efficiency is used as the baseline efficiency level during the non -acceleration p eriod and for
measures with no acceleration effect. For some measures, such as lighting, the standard equipment
efficiency and the existing equipment efficiency are the same. The standard equipment efficiency
was used for all measures, not just accelerated measures.

24 By domain, we mean the groups of market actors, regulators, government bodies, and other institutions, and the interactions o f these

multiple actors regarding a program.

24
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1  Efficiency Attribution (Ag) : This is the effect the program had on the efficiency of the equipment
installed. The efficiency attribution measures the proportion of savings attributable to the program
for increasing the efficiency of the equipmen t above what would have been installed otherwise. This
factor is based on responses to attribution questions in the participant survey.

1  Quantity Attribution ( Ag) : This is the effect the program had on the quantity of the equipment
installed. The quantity attribution measures the proportion of savings attributable to the program for
increasing the quantity of equipment above what would have been installed otherwise. This factor is
based on responses to attribution questions in the participant survey.

1 Measur elLife (my): This represents the average amount of time a piece of equipment will remain
installed and operational before being replaced by a new piece of equipment. The measure life
assignments for each measure are in the program -specific sections of this  report.

The complement of attribution is free -ridership. Attribution measures the portion of the savings that result
because of the actions of the program. Free -ridership measures the portion of the savings that would have
happened in the absence of the p rogram. The free -ridership equivalents of the attribution factors are used
along with other factors to determine the overall program net savings. They are:

1 Efficiency Free  -ridership  (fg): This is the fraction of verified gross savings per unit that would
have occurred without the program.

1 Quantity Free  -ridership  (fg): This is the fraction of installed units that would have been installed
without the program.

The free ridership values are easily calculated from the attribution factors:
fe=1 1 Ag

fo=1 1 Ag

G.1. ATTRIBUTION ANALYSIS

This section outlines the methods necessary to determine net program savings using the attribution analysis
parameters defined in the previous section.

G.1.1. Simple Program Attribution (SPA) Calculation

The fraction of annual veri  fied gross savings that would have occurred without the program is the product of
the fraction of units that would have been installed without the program, f o, and the fractional unit savings
that these units would have had without the program, f E.

fQE = fQ fE

For example, iftwo  -thirds as many units would have been installed without the program (f o = 2/3), and the
savings per unit would have been only half as much (f g = 1/2), the portion of the savings that would have

occurred without the program would be
foe = (2/3) x (1/2) = 1/3.

The Simple Program Attribution (SPA) is the complement of this free rider portion.
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SPA=1 _fQE:l_ foE

The relationship is illustrated in Figure 3.
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Figure 3: Graphical derivation of the SPA e quation

G.2. TIMING EFFECTS

The goal of the attribution analysis is to produce an estimate of net savings for each year in the lifetime of
the measure. For measures without acceleration, the program -reported annual gross savings can be
combined with the measure life, m L to produce the simple lifetime gross savings, plotted in  Figure 4. The
simple lifetime savings are simply the first year savings multiplied by the measure life. First year savings are
determined by the difference between the high efficiency that was installed and the baseline efficiency.
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Figure 4: Simple lifetime savings of a program measure

For a replacement measure with acceleration, the program caused the participant to install an energy

efficiency measure before they originally intended to do so. During the acceleration period, the energy

savings caused by the program are the difference between the energy use of the high efficiency equipment

that was installed and the energy use of the equipment that was replaced. This could also be termed as the
difference between the high efficiency equipment efficiency and the existing equipment efficiency. We call

this value the acceleration period savings.

The evaluating engineer is able to determine the Existing Equipment Efficiency from the age of the replaced
equipment provided in the participant surveys. The engineer then uses a number of sources including the
documentation provided by the program and secondary sources to estimate the acceleration period savings

for a particular measure.

Figure 5 shows the acceleration period savings superimposed over the gross program savings. The lifetime
acceleration period savings are the accelerat ion period savings multiplied by the acceleration period, m a
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Figure 5: Acceleration period savings
There is no Anetod or fAgrossod associated with the acceleration

already incorporates e  lements of net savings so no further adjustments to acceleration period savings are
necessary.

The post -acceleration period savings are shown in Figure 6. The post -acceleration period verified gross
savings (identified as verified gross installed (VGI) savings in the figure) are the evaluation -verified gross
savings for the measure, which assu me a Standard Equipment Efficiency to determine savings. The post -
acceleration period net savings are equal to the verified gross savings times the SPA calculated in

Section G.1.1
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Figure 6: Post -acceleration period net savings

The lifetime net savings for an accelerated measure are the sum of the acceleration period savings and the

post -acceleration net savings. This can also be written as:

Lifetime net savings  sccelerated = Acceleration Period Savings + Verified Gross

Measure Life, m

The lifetime net savings are shown graphically in  Figure 7.
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Figure 7: Simple lifetime net savings
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APPENDIX H. DETAILED BPA EXPANSI ON METHODOLOGY

H.1. OVERVIEW

All estimates presented in this report were computed using the fully calibrated and nonresponse adjusted
sample weight s discussed in Appendix C. Estimates are reported for the following six BPAs

Energy Efficiency Retrofits

Financial Incentives

Buildings and Facilities

On-site Renewables

Lighting

A Energy Efficiency and Conservation Strategy

o Do o o Do

In many sections of this report, estimates of the t otal for the six BPAs combined are also presented.

In summary, results from the respondents were expanded back to the population of EECBG activities using

the calibrated sample weights discussed in Appendix C. These weights are numeric quantities assign edto
each responding activity that are greater than or equal to 1.00 and conceptually represent the total number

of activities in the population that a particular respondent represents. Weighted respondent data is then

aggregated to the BPA of interest t o form the final estimates from this evaluation. The estimation process is
discussed below.

H.2.  ESTIMATION AND VARIA NCE ESTIMATION

All estimates in this report were created using direct weighted estimation techniques. However, because the

weights were calib  rated to the correct population funding totals, % using direct weighted estimation
techniques is equivalent to using a Separate Ratio Estimator with funding as the size measure. There was no
item nonresponse in this study, so corrections for item nonrespons e were unnecessary.

To illustrate the estimator, suppose

h = BPA by activity type. Activity type refers to the direct /indirect grant classification of the
activity.

i = Activity within group h

Xhi = Is some outcome measure from the eva luation for activity  i. For example, this might be the

energy savings estimate associated with electricity (kwWh) attributed to EECBG.

Sqi = EECBG funding for activity i ingroup h.

Sn = Estimate of total funding for group h in the EECBG population (not just the sample).

% See Appendix C.
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Whi = The calibrated and nonresponse  -adjusted sample weight for activity i
Then estimates of a total X were formed usinga  separat e ratio estimator  as follows:
- a Wy Xy,
X=8S4+—— 1)
h

a WhiShi

As noted in Appendix C, the adjusted sample weights were created so that the final weighted funding sum
across responding activities equals the best estimate of total funding for the BPA/type group. This means:

a WLiS = Sh for each group h.
i

Therefore, the separate ratio estimator defined by Equation (1) is equivalent to the direct weighted survey
estimator:

X=a a WXy
hoi

Variance estimates were computed for many statistics displayed in this report. The variance estimates were
computed using the  Taylor series linearization method. This method was first suggested by Tepping (1968)
and has been discussed in numerous articles and books since then [see, for example, Binder (1983) and
Wolter (1985)]. In general, the Taylor series linearization process for estimating variances accounts for the

complex design features that are often found in survey samples, such as stratification, clustering and/or
unequal weighting. Therefore, this variance estimation process was appropriate for estimates reported in

this analysis.

H.3. ESTIMATES WITH LOW P RECISION

In this report, some estimates are flagged with an asterisk (*), indicating that the es timate exhibits low
precision. An estimate is considered to have low precision if one or both of the following was true:

1. Fewer than five responding activities contributed to the estimate.

2. The relative standard error of the estimate was 75% or greater . The relative standard error is the
design -based standard error divided by the estimate itself. The design -based standard error is the
standard error of an estimate that account s for the complex design features of the study, such as

stratification and unequal weighting.

Several tables in this report present the margin of error associated with an estimate. The margin of error is
the radius of the 90% confidence interval and is defi ned as:

Margin of Error = tdf (Ejesigr

Where: tdf is a constant from the student t -distribution that equals roughly 1.67 and
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‘ﬁesigr is the design -based standard error of the estimate.

Hence, the 90% confid  ence interval of an estimate is the estimate +/ - its margin of error.

H.4. LABOR IMPACTS, AVOID ED CARBON EMISSIONS, PERFORMANCE FACTORS,  BILL SAVINGS,
AND COST -EFFECTIVENESS ESTIMA  TES

Estimates for labor impacts, avoided carbon emissions, performance factors an d bill savings, as well as
several estimates for cost  -effectiveness, were generated using various models and algorithms that employed
direct survey estimates as inputs. These models and algorithms are discussed in Appendices J, K, L and M.

The following n  otes about these estimates and the inputs used in these models are important to consider:

A Estimates of precision are not presented for the labor impacts, avoided carbon emissions, performance
factors and several cost  -effectiveness estimates presented in th is report. These estimates, however, are
subject to sampling error that is likely of the same magnitude as that reported for the energy impact
and bill savings estimates. The margin of error (a measure of sampling error) associated with various
energy impa ct and bill savings estimates are presented in Appendix M. Note that the energy impact and
bill savings estimates (as well as some others) were used as inputs into the models and algorithms used
to generate estimates for the labor impacts, avoided carbon e missions, performance factors and cost -
effectiveness sections of this report.

A Several models and algorithms used to generate estimates required location -specific inputs in order to
account for geographic variation in model parameters and algorithm assumpti ons. Some of the models
and algorithms required state -specific estimates while others only required estimates by the U.S. Bureau
of Economic Analysis regions. This evaluation did not have the sample size to support obtaining direct
survey, state - and regi on-specific estimates within evaluated BPAs and direct /indirect grant type group.
Therefore to account for geographic variation, state -level estimates were created as follows:

- If a state had one or more evaluated activity in a specific BPA and grant type, then the state -level
estimate was created using data associated with the state.

- Otherwise direct survey estimation (discussed above) was used to estimate national totals for each
BPA and grant type, such as the total EECBG -attributable energy savings asso ciated with electricity
or gas. These estimates of totals were proportioned to the states with no sampled activities
proportional to the funding that the state received within a BPA and grant type.

- These BPA by grant type by state estimates of totals we re summed to the required geographic level
necessary for the model or algorithm under consideration. This process of deriving state -level
estimates within each BPA and grant type adds additional sampling error and potentially some bias
to the estimates ge  nerated from the models and algorithms.

Table 24 displays the EECBG funding by BPA and grant type
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Table 24 : Distribution of funding by BPA and grant type
Grant Funding Percent

BPA Type (i n $1, 0C within BPA

Total of Six Evaluated BPAs Direct $2,045,112 76%
Indirect $649,022 24%
Total $2,694,134 100%

Energy Efficien  cy and Conservation Strategy

(Direct Grants) Direct $69,759 100%
Total $69,759 100%

Financial Incentive Program Direct $171,498 31%
Indirect $380,442 69%
Total $551,940 100%

Energy Efficien  cy Retrofits Direct $906,679 82%
Indirect $193,548 18%
Total $1,100,227 100%

Buildings and F  acilities Direct $563,050 91%
Indirect $54,166 9%
Total $617,215 100%

Lighting Direct $186,359 95%
Indirect $10,288 5%
Total $196,648 100%

On -site Renewabl e Technology Direct $147,767 93%
Indirect $10,578 7%
Total $158,345 100%

Figures 8 through 2 7 show the variation in funding by state for each BPA and direct /indirect grant type

group considered in this evaluation. Some items to note about th e funding distribution:

A 24% of the total funding over the six BPAs evaluated is associated with indirect grants and 76% is

associated with direct grants. Most of the indirect grant dollars are coming from financial incentive
programs. And most of the direct grant dollars are co ming from energy efficiency retrofits.

A The states receiving the largest amount of funding in the direct grant group are California, Texas, Florida,
New York, lllinois, Pennsylvania, Arizona , Michigan, Ohio and New Jersey. And the states receiving the
larg est amount of funding in the indirect grant group are Texas, California, Florida, New York, Ohio,
Pennsylvania, Georgia, lllinois, Virginia and Louisiana.

A Louisiana received a large portion of funding in the indirect grant group primarily because of acti vities in
the financial incentive programs BPA.

A Arelatively large portion of the funding in the indirect grant category for lighting and on -site renewable
technology were associated with U.S. territories (greater than 34%). But again, the indirect grants for

these BPAs accounts for a small portion of the total BPA.

The bias in estimates generated from the models and algorithms that used geographic estimates is unknown
and depends on three things:
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1. The bias depends on the differences in EECBG funding betwee n states and regions. This difference can
be large depending on the BPA and grant type group under consideration.

2. The bias depends on how sensitive the model and algorithm is to variations in geographic estimates that
are used as inputs. This will vary b y model and algorithm.

3. More importantly, the bias depends on how different the population parameters are between states and
regions. This variation is simply unknown given the survey data that is being analyzed in this evaluation.
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(Mote: Percent of Funding Given to .S, Territaries Mat Displayed on Map = 2.5%)

Figure 8: BPA=total of six evaluated BPAs, type=total, percent of funding by state
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Percent of Funding [C——1 0% [ 0%-0.4% [ 0.4%-0.8%
[

N 05%-1.4% A%-2 8% N - 08%

(Mote: Percent of Funding Given to LS. Territaries Mat Displayed on Map = 1.1%)
Figure 9: BPA=total of six evaluated BPAs, type=direct, percent of funding by state
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N 16 . -

N 1 4%-1.6% G%-2.2%

(Mote: Percent of Funding Given to .S, Territaries Mat Displayed on Map = 5.9%)
Figure 10: BPA=total of six evaluated BPAs, type=indirect, percent of funding by state
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Percent of Funding [C——1 0% [ 0%-0.3% N 0.3%-0.7%
[

N 0.7%-1.4% A%-3.0% N - 3.0%

(Mote: Percent of Funding Given to .S, Territaries Mat Displayed on Map = 1.6%)

Figure 11 : BPA=energy efficiency and conservation strategy (direct grants), type=total, percent
of funding by state
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Percent of Funding [C——1 0% [ 0%-0.3% N 0.3%-0.7%
[

N 0.7%-1.4% A%-3.0% N - 3.0%

(Mote: Percent of Funding Given to .S, Territaries Mat Displayed on Map = 1.6%)

Figure 12 : BPA=energy efficiency and conservation strategy (direct grants), type=direct,
percent of funding by state
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Percent of Funding [C——1 0% 1 0%-01% N 0.1%-0.7%
B

I 0.7%-1.7% T%-3.0% N - 3.0%

(Mote: Percent of Funding Given to .S, Territaries Mat Displayed on Map = 1.8%)
Figure 13 : BPA=financial incentive program, type=total, percent of funding by state
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Percent of Funding [C——1 0% 1 0%-01% I 0.1%-0.5%
- 12

I 05%-1.2% 2%-3.8% N - 3.8%

(Mote: Percent of Funding Given to LS. Territaries Mat Displayed on Map = 0.8%)
Figure 14 : BPA=financial incentive program, type=direct, percent of funding by state

DNV GL 1 www.dnvgl.com June 2015 Page 64



Percent of Funding [C——1 0% [ 0%-1.6% I 1.6%-2.3%
I 07 N -5

2 3%-27% .T9%-5.8%

(Mote: Percent of Funding Given to LS. Territaries Mat Displayed on Map = 2.1%)
Figure 15: BPA=financial incentive program, type=indirect, percent of funding by state
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Figure 16: BPA=energy e fficiency retrofits, type=total, percent of funding by state
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